Objective-To evaluate the relation between iron status and physical working capacity, and to assess the effect of oral iron treatment on these variables, in athletes with borderline iron status. Methods-Blood haemoglobin (Hb), packed cell volume (PCV), red blood cell count (RBC), serum iron, total iron binding capacity (TIBC), and ferritin determinations were compared in 71 male and 18 female athletes participating in various sports and in matched male (n = 11) and female (n =8) controls. The first aim was to assess the relations between these variables and performance in a physical work capacity test (PWC170).
Results-Among females, handball players had the lowest serum ferritin concentrations (P < 0.05), the highest TIBC values, and lowest PWC170 scores (P < 0.01); runners had the highest ferritin concentrations and PWC170 scores (P < 0.01). There were significant correlations (P < 0.01) between PWC170 and PCV, serum ferritin, and transferrin saturation of female athletes. Hb, serum iron, serum ferritin, and transferrin saturation increased with iron treatment in both males (P < 0.01) and females (P < 0.05). Conclusions-Serum ferritin determination may prove a valuable addition to the screening of athletes and may indicate the need for iron treatment, even though a causal effect on improvement of work capacity may not be present.
(BrJ Sports Med 1996;30: [15] [16] [17] [18] [19] Key terms: exercise; exertion; iron deficiency; sports anaemia; serum ferritin
Iron deficiency occurs as a result of an imbalance between iron absorption and excretion.' Absorption is in inverse relation to body iron stores,' 2 and the serum concentration of ferritin is considered to be an index of these stores, 1 ,uglitre-' corresponding to 8-10 mg of body iron.'-3 The aetiology of exercise related iron deficiency includes intravascular haemolysis, increased iron loss, and inadequate dietary iron intake.4 I Though no significant difference between the haematological status of athletes in various sports is reported,6 iron loss is known to be increased in endurance activities.3 Haemodilution by a relative increase in resting plasma volume in runners is an important reason for low haematological values, especially in highly trained athletes.4 5`In the long run, the increase in blood volume may become more equally distributed between the plasma volume and the red cell mass. 9 Furthermore, in some studies8 10 no differences were observed between the distribution of iron indices in runners and controls.
Single haemoglobin (Hb), serum In view of these conflicting reports, our aim in this study was to compare several haematological indices in athletes performing different sports, to evaluate the relationship between iron status and physical work capacity, and to assess the effect of oral iron treatment on these indices in athletes with borderline iron status.
Methods

SUBJECTS
Male athletes (n = 71) included 17 professional and 11 amateur soccer players, six national level wrestlers, seven swimmers, 11 middle distance runners, 12 second league basketball players, and seven body builders. Female athletes (n = 18) comprised 1 1 national league handball players, four swimmers, and three short or middle distance runners. The control groups consisted of 11 male and eight female university students not actively participating in sports. The subjects had no iron medication for the previous three weeks and had not accomplish any physical activity for the previous 24 5 min at a speed of 60 rpm against a resistance of 1-0 kp and rested for 2 min. Then, while the speed was kept constant, the resistance was increased by 0 5 to 1 0 kp every 2 min. Heart rates were monitored using a Hellige Cardiotest EK 41 ECG apparatus and the test was completed upon approaching a heart rate of 170 beats-min'.
HAEMATOLOGICAL TESTS RBC and PCV measurements were performed by standard techniques and Hb levels were determined using Zijlstra's cyanomethaemoglobin method. Serum iron and TIBC analyses were performed using the semi-micro bathophenanthroline method (Merckotest 3307 and 3313, Merck) with an LKB K 4053 spectrophotometer. Transferrin saturation was calculated as the percent ratio of serum iron to TIBC. Serum ferritin measurements were done using a radioimmunoassay method (Amerlex Ferritin RIA, Amersham). Blood RBC and PCV counts, and Hb and serum iron concentrations were found to be within the expected normal range for all subjects. Mean TIBC values of the male subjects were at the lower limit of the normal range of 54-71 pLmol litre-'. For the male athletes, only the runners' RBC counts were observed to be lower than the controls' (P < 0 01) -with no significant differences in iron indices (P> 0 05) -when comparing different sports. Runners had significantly higher PWC170 scores (P < 0-01) compared with other disciplines.
Female handball players who had lower serum ferritin concentrations (P < 0 05) than the controls had also the highest TIBC values and lowest working capacity (P < 0-01) among all female athletes. Female runners had the TIBC (pLmol litre-') 50-2 ( 7 7) 52-4 (4-7) 53-2 (7 3) 51-0 (7 2) 54-9 (13-4) 58-6 (9 0) 60-9 (9 0) 54 0 (9 3) 58-6 (10 1) The correlations calculated for female athletes between their PWC,70 levels and PCV values, serum ferritin concentrations, and transferrin saturation ratios (P < 0 01), and those between PWC,70 scores and Hb concentrations for the body builders (P < 0 05) are interesting. Still, the small number of subjects suggests that these figures must be interpreted with caution.
The significant increases obtained in blood Hb, serum iron, and serum ferritin concentrations upon iron treatment, both in males (P < 0 01) and females (P < 0 05), and in transferrin saturation ratios in the males (P < 0 01), proved the presence of iron deficiency. 4 
